patients living in Asia using the validated NMS Questionnaire (NMS Quest) and NMS Scale (NMSS). In total, 24 articles were included: 12 using the NMS Quest and 12 using the NMSS. Symptoms of constipation, memory impairment, and nocturia were the most frequently self-reported symptoms (NMS Quest) in selected Asian populations, while symptoms within the domains sleep/fatigue, attention/memory, and mood/ apathy were most prevalent when applying the health-professional completed NMSS. Key Messages: NMS are generally prevalent and highly burdensome within selected Asian PD populations living in countries included in this review. Our review suggests that NMS-driven phenotypic heterogeneity is present in Asian patients, and compared to Western PD populations there might be variations in assessed NMS.
Introduction
Parkinson's disease (PD) affects people from both genders, across a wide age range and across all racial groups [1] . Patterns of motor response to levodopa may vary between ethnicity, as reported in one study in resident immigrant Asian and Black African-Caribbean populations from the UK [2] . The assessment and interpretation of the literature regarding multiethnic PD is challenging due to differences in applied study designs with varying sample sizes, definitions of ethnicity, and lack of use of validated measures [3, 97] .
PD is a combined motor and non-motor syndrome, a fact recognised by James Parkinson himself [4, 5] . While motor symptoms are certainly burdensome, the wide range of non-motor symptoms (NMS) have emerged as a key determinant of quality of life (QoL) in PD patients, both untreated and treated [6, 7] . Whether NMS vary between ethnic groups is currently unknown. This question is certainly relevant as many NMS could be influenced by numerous factors including socio-demographic factors, cultural backgrounds, as well as pharmacogenomics [8, 9, 97] . A recent review on NMS in Chinese patients outlined that whilst NMS appear to be as common in China as in the Western world, there appears to be some inter-ethnic variations in their clinical presentations [3] . Furthermore, previous international studies have suggested differences in the presentation and range of motor symptoms and NMS related to ethnicity [2, [10] [11] [12] [13] [14] .
Some studies in Asia used validated questionnaires and scales to assess the prevalence of NMS in a holistic manner, hence permitting the comparison of their results [14] . In this literature review, we aim to summarise the available studies addressing NMS in native Asian PD patients by applying the NMS Questionnaire (NMS Quest) and NMS Scale (NMSS). Furthermore, where possible, we discuss the potential underlying causes for ethnic variations in NMS.
Methods
In accordance with PRISMA guidelines (2009), a literature search was carried out on March 8, 2017 using the advanced search builder for all fields on the PubMed database, covering all articles published before that date. The search strategy is summarised in Figure 1 [15] . First, we excluded all duplicates and then screened the abstracts of the remaining articles against specific inclusion/ exclusion criteria. To be included in the review, the articles had to: (1) be available as a full article in English, (2) be original research papers, (3) study human subjects within PD populations and to not assess a specific subgroup within PD, (4) be conducted in Asia, (5) not include mixed ethnic groups, and apply the NMS Quest and/ or NMSS and (6) to give the results as percentages ( Fig. 1 ) .
In addition, we undertook an initiative and global survey via the Non-Motor-PD-Study Group (NM-PD-SG) Early Career subgroup, which enabled us to ascertain the formalised linguistic validations of the NMS tools in Asian countries.
Non-Motor Symptoms Questionnaire
The NMS Quest was the first validated tool that specifically assessed NMS in a holistic manner. It is a self-completed questionnaire in a "yes" and "no" fashion that can be easily completed by the patient or carer. In total, 30 different NMS encapsulating various domains of NMS are captured [10] .
Non-Motor Symptoms Scale
NMSS is a healthcare professional-completed scale capturing the severity (mild, moderate, and severe) and frequency (every day, several times a week, once a week, and rarely) of 30 different NMS divided into 9 distinct domains [16] . Both tools are recommended by the MDS and other learned societies for holistic assessment of NMS and their burden.
Results of Individual Studies Using Non-Motor Symptoms Questionnaire
The NM-PD-SG Early Career subgroup global survey initiative identified that translations of NMS Quest were available using linguistic validation in Malay, Chinese (mandarin), while investigator translated use of NMS Quest was reported from Korea, Thailand, and India [98] .
In total, we identified 12 studies that applied the NMS Quest to assess NMS in patients living in Asia and also met all other inclusion criteria ( Fig. 1 ) . The majority of studies were conducted in China, one in Korea, one in Thailand, one in Taiwan, one in Turkey, and one in India.
One of the first to address NMS in Asia were Cheon et al. [17] , who conducted a survey in Korea by applying the NMS Quest to 74 treated PD patients. The most common NMS was nocturia (67.6%). Furthermore, patients frequently reported restless legs (RL; 66.7%), (although RL was not assessed using international criteria); constipation (65.8%), feeling sad (65.3%), orthostatic dizziness (63.9%), and memory problems (60.8%). Bowel incontinence (5.4%), delusions (8.3%), and hallucinations (17.6%) were reported least frequently. About 98.7% of the population reported at least one NMS with an average of 12.4 NMS per patient.
Wang et al. [18] analysed the NMS profiles of 117 Chinese patients and found the most commonly reported NMS was constipation (55.6%) followed by problems remembering things (41.4%) and feeling sad (43.2%). The least commonly reported NMS included bowel incontinence, vomiting, falling, and delusions.
Subsequently, Yu et al. [19] recruited 90 consecutive PD patients as well as sex and age-matched stroke, diabetes, and heart disease patients from Shandong University, China. On average, PD patients reported 12 different NMS. Nocturia (77.1%), constipation (70%), feeling sad (67.8%), forgetfulness (66.7%), anxiety (60%), RL (60%), insomnia (55.6%), loss of interest, sexual dysfunction (53.3%), and intense vivid dreams (52.2%) were the most commonly reported NMS.
Zhou et al. [20] reported that 230 PD patients attending an outpatient clinic in Shanghai, China, had a high prevalence of constipation (64.3%), impaired memory (63%), and nocturia (61.7%). Gan et al. [21] conducted another study in Shanghai, China. They found that out of 155 patients, on average each reported 8 different NMS using the NMS Quest. The most commonly reported NMS include memory problems (65.8%), constipation (64.6%), and nocturia (61.4%). Vomiting, bowel incontinence, swelling of legs, and diplopia were the least frequently reported NMS in less than 10% of assessed patients.
NMS in PD Living in Asia
A study conducted in Thailand [22] found that NMS are very common in Thai patients with virtually all reporting at least one NMS. On average, patients self-reported 9.5 NMS. The most commonly reported NMS were nocturia (64.2%), dizziness (60.6%), and forgetfulness (56.4%).
Li et al. [23] analysed 1,225 Chinese patients, of which 13.3% ( n = 163) had a LRRK2 mutation. Among the entire population, they found that on average the patients reported 8.7 NMS with almost all (97.6%) reporting at least one NMS. The most commonly reported NMS were problems with memory (56.1%), constipation (55.3%), and daytime sleepiness (46.0%). The least frequent were bowel incontinence (3.3%) and delusions (6.4%).
Another study conducted in China [24] identified that 98.9% of 493 patients reported at least one NMS on the NMS Quest. Most patients reported problems with memory (68.6%), constipation (57.2%), and concentration (55.4%). The least common NMS was delusion (4.5%).
Li et al. [25] conducted a cross-sectional study in China reporting that among 82 patients, memory impairment (95.1%) was the most commonly reported NMS, followed by nocturia (86.6%) and intense vivid dreams (82.9%). The least commonly reported NMS were bowel incontinence, falling, and swelling of legs.
A team from Hyderabad, India, assessed the NMS of 53 general PD patients and compared them with patients who had undergone deep brain stimulation [26] . They found that 98% of patients who did not undergo deep brain stimulation reported at least one NMS. Nocturia, pain, and constipation were the most frequently reported NMS (83, 77.3 , and 71.7%, respectively). Diplopia, delusions, and swelling of legs were the least frequently reported NMS.
A Turkish team conducted a small-scale study in which they found memory problems (87%), nocturia (82.6%) alongside constipation, urinary urgency, pain, concentration, and depression (all 73.9%) to be highly prevalent among their cohort of 23 patients. Bowel incontinence, delusions, and dribbling were least commonly reported NMS, consistent with other studies [27] .
Lastly, Liu et al. [28] found in a Taiwanese cohort ( n = 210) that the most commonly reported NMS were nocturia (62.7%), constipation (51.0%), and bowel urinary urgency (49.5%). Bowel incontinence (2.9%), delusions (6.2%), and hyperhidrosis (10.5%) were the least prevalent. Table 1 shows the key data from included studies, and Table 2 summarises the most (>60%) and least (<40%) frequent NMS on the NMS Quest. The cut off points were chosen in an arbitrary fashion.
Synthesis of Results

Results of Individual Studies Using the Non-Motor Symptoms Scale
The NMSS was used in a translated fashion in Malay and Chinese [98] .
In total, we identified 12 studies which met all inclusion criteria applying the NMSS ( Fig. 3 ) . The majority of studies were conducted in China, alongside 3 studies in Korea, one in Singapore, and one in India.
Kim et al. [29] analysed the NMS profiles of 23 drug naïve Korean patients and compared them with healthy controls. They found the most frequently reported NMS domains to be urinary 8 also highly prevalent here. The lowest reported NMS was the domain perception at 32.1%. Kim et al. [31] conducted a study in Korea that partly confirmed the previous results by Kim et al. [29] . Mood/cognition (81.7%), sleep/fatigue (80.0%) as well as miscellaneous NMS including pain, change in ability to taste and smell, change in weight, and excessive sweating (72.8%) were among the most frequent NMS domains.
Krishnan et al. [32] assessed NMS profiles in India using the NMSS. Their findings showed that compared to an age-matched group of healthy controls, virtually all Indian PD patients reported at least one NMS on the NMSS. The most common NMS were among the sleep/fatigue domain (89.7%), followed by mood/cognition (88.5%) and miscellaneous (80.5%). The least common NMS domains were cardiovascular (44.8%) and perceptual problems/hallucinations (44.8%).
Guo et al. [33] analysed 616 Chinese patients, who on average reported 9 different NMS, with only 4.9% of patients not reporting any. The most common NMS domains were sleep and fatigue (77.3%), attention and memory (68.0%), mood and apathy (64.3%), miscellaneous (62.7%), in particular pain (39.4%), and finally gastrointestinal symptoms (54.4%). The problems least frequently reported by patients were sexual dysfunction (27.3%), cardiovascular problems (26.0%) as well as perceptual problems/hallucinations (18.7%).
In a further study, Guo et al. [34] analysed 522 Chinese patients and identified that sleep/fatigue (76.6%), followed by attention/ memory (67.8%), mood/apathy (65.1%), and miscellaneous (61.5%) were the most commonly reported NMS domains. Again, 95.2% of the total population reported at least one NMS.
Song et al. [35] found that the most commonly reported NMS among a 693 Chinese PD cohort were problems within the domains of sleep/fatigue (79.8%), attention/memory (69.8%), mood/ apathy (65.7%), and miscellaneous (64.9%).
Another prospective study from China by Ou et al. [36] demonstrated that sleep/fatigue (89.7%), attention/memory (83.3%), and urinary (71.8%) domains were the most commonly affected.
Furthermore, Ou et al. [37] showed in a subsequent study that sleep/fatigue (88.9%), miscellaneous (77.8%), and mood/apathy (66.7%) were among the 3 most frequently reported domains.
Wu et al. [38] and Zhang et al. [39] published their results with well-sized cohorts from China. Both reported similar NMS prevalence across many domains with sleep/fatigue once again being highest at 79.7 and 83.2%, respectively, mood/apathy (both 67.1%), attention/memory (63.1 and 67.1%), and miscellaneous (62.8 and 68.5%). It is noteworthy that perceptual difficulties were reported in an infrequent fashion (10.3 and 14.5% respectively), concordant with previous studies.
Yong et al. [40] compared a 200 strong cohort of Singaporean patients to 150 healthy controls. The authors found sleep/fatigue (83.9%), attention and memory (69.9%), and mood/apathy (68.6%) to be the most prevalent NMS domains. Issues with perception (17.3%) and cardiovascular systems (27.1%) were found to be the least frequently reported. Table 3 shows the key data from the included studies, and Table 4 summarises the most (>60%) and least (<40%) prevalent NMS on the NMSS.
Synthesis of Results
Discussion
To our knowledge, this is the first review comparing different studies on NMS profiles of PD patients across Asia that were assessed with validated tools (NMS Quest and NMSS), the translation of tools being identified by a specific global survey of the MDS Early Career subgroup of the NM-PD-SG.
Our Literature Review Reveals the following Key Findings -The self-reporting of NMS, as well as the overall occurrence within PD patients in Asia is high. This is similar to studies consisting primarily of Western/White Caucasian PD patients. -Symptoms of nocturia, constipation, and memory impairment appear to be most frequently self-reported NMS on the NMS Quest. -Generally, symptoms within the domains of sleep/fatigue, attention/memory, and mood/apathy appear to be the most prevalently reported when using the NMSS. -Symptoms of bowel incontinence, delusions, and impaired sex drive appear to be the least frequently reported NMS by Asian patients with PD. We have focused on NMS because of its key importance in the prodromal and clinical stage, as well as the pathophysiology of PD [5, 41] . NMS subtypes are now recognised, and the implicated neuropathology reflects the clinical expression [42] [43] [44] . In addition, NMS are a key determinant of QoL [45] . In spite of this, awareness of NMS remains low in many Asian countries where PD is still largely regarded as a motor syndrome only. Several studies in Europe and other countries performed holistic assessments of NMS, and have outlined important unmet needs in PD care [46] . Studies in Asian cohorts were, therefore, needed and this review reveals that high levels of NMS, as well as some differences in NMS in both occurrence and pattern, are evident.
Systematic and comprehensive rather than individual assessment of NMS is now possible internationally with the introduction of either a self-reported tool such as the NMS Quest or a health professional administered tool (NMSS) [47] .
NMS as a whole appear to be universally prevalent across Asia, and the results obtained match very closely to the reports in Western countries with more than 90% of patients reporting at least one NMS. Such examples include studies in India [26, 32] , Taiwan [28] , China [36, 37, 48] , and Korea [31] . Using the NMS Quest across Asia, constipation was among the 3 most prevalent NMS in all included studies except a study in China (67.1%) [25] and in Thailand (56.4%) [22] . However, even in those studies constipation was reported in more than half of the included population. Similar results, with a prevalence of 78.4%, were obtained in Japan in a study by Tsuboi et al. [49] . The firstin-Japan large-scale observational study addressing NMS (J-FIRST) including more than 1,000 PD patients which applied the MDS UPDRS for the assessment of NMS and also showed that constipation was the most commonly reported NMS with a prevalence of 79.7% [50] .
In terms of controlled data from Western PD population, the validation study of the NMS Quest conducted by Chaudhuri et al. [10] reported a lower prevalence of constipation (46.7%) compared to the reported data in Asia.
In addition, international work by Martinez-Martin et al. [51] reported a lower prevalence of constipation with 52.5%. However, the cause of this unclear. Some possible explanations will be discussed below.
Besides constipation, memory impairment appears to be one of the 3 most frequently self-reported NMS in Asia (compared with data collected by Chaudhuri et al. [10] [43.9%] and Martinez-Martin et al. [51] [44.85%]). A recent study by Yu et al. [100] using the Chinese translation of the MDS UPDRS also concluded that NMS among Chinese populations are mostly related to cognitivebased symptoms.
Self-reported memory issues are difficult to quantify and when the data are compared to NMSS (frequency and severity rated) cognitive domain, studies also reported problems in the cognitive and apathy domain (>60%; Table 4 ). With the exception of one study in Korea [31] , and the study in India [32] , all other studies reported attention/memory as one of the most reported NMSS domain. This, however, does not prove that there is a greater rate of mild cognitive impairment or dementia in these populations as such observations can only be made after systematic examination with specific validated tools, which were not available in the reported studies [52] . A myriad of factors influence memory and cognition in PD, which range from genetics to lifestyle, all of which need to be considered in systematic studies in the future. There is also a high rate of use of anticholinergic drugs in many Asian countries for PD. Anticholinergics may aggravate cognitive decline and their role therefore needs to be examined [53] .
Thirdly, our review suggests that nocturia was reported among the top 3 NMS. Chaudhuri et al. [10] and Martinez-Martin et al. [51] demonstrated that over 60% of patients reported nocturia. This data is largely concurrent with the Asian data presented in this review. Rana et al. [11] suggested that immigrant Asian patients may be at higher risk of developing nocturia, although this study did not address indigenous populations in Asia. Nocturia appears to be commonly self-reported, regardless of ethnic and cultural background. In spite of this high rate, nocturia remains a poorly studied and managed NMS, and its global prevalence should prompt treatment-based trials.
Other western studies include a study by Romenets et al. [54] who analysed NMS Quest data from 70 patients in Quebec. In the patients assessed, 77.9% reported NMS of urinary urgency, 66.7% insomnia, 77.3% loss of taste/smell.
Depression and RL were also frequently reported in Asian cohorts, with RL being substantially higher compared to most Western studies [17, 19, 25] . The rates quoted with NMS Quest are particularly high, and this may be spurious because of the way the questions are explained to patients, cultural differences, attitude towards RL, and possible overlap with akathisia. Studies using RLstandardised tools have generally reported low rates in Asian populations [99] . As such, further studies involving several Asian countries to address RL in a controlled population versus treated PD are required.
Studies applying the NMSS reported sleep/fatigue and mood/apathy among the 3 top domains. It is worth noting that the study in India, one study in Korea, and 2 studies in China reported miscellaneous among the top 3 NMSS domains.
The least frequently captured NMSS domains were perceptual impairment, cardiovascular impairment, and impairment in sexual drive and ability to have sex when trying. Again on the NMS Quest, the least frequently reported NMS included bowel incontinence and delusions followed by hallucinations, vomiting, diplopia, altered sex drive, and difficulty when engaging in sex, which is in line with the findings on the NMSS.
The NMS Quest validation study reported the least frequent symptoms were bowel incontinence (4.9%), vomiting (8.1%), and delusions (12.3%), which is in line with the findings in the Asian studies [10] .
Western studies have established the defining role of NMS in the determination of QoL, and a similar impact is also observed within the Asian PD population. Li et al.
[55] demonstrated, in a cross-sectional study in China, that the domains of sleep/fatigue, mood, gastrointestinal, urinary, and miscellaneous had a particularly meaningful negative impact on the patient's QoL. A study from Singapore [56] reported that sleep, mood, and attention disorders have a significant negative impact on QoL, which is similar to data from Europe [57] . Given that these were the NMS we identified to be most prevalent in Asian patients, it emphasises its importance, the need to address them in clinical practice, and the possible future requirement of ethnicity-based personalised medicine [56] .
Intra-Ethnic Differences
NMS Quest values reported by Li et al. [25] in China are higher than those reported in other Asian studies. As a possible explanation, the authors highlighted the wide range of different economic and social environments and set ups, including medical facilities and provision between developed and non-developed parts of a country (pharmacoeconomic aspect of personalised medicine) [58] .
Data from China and South Korea underpin 2 such examples. First, when considering variability within specific countries, the 7 Chinese cohorts report similar NMSS scores across all 9 domains. This finding is observed with the exception of the sample by Ou et al. [36] , who report consistently higher prevalence of NMS across all NMSS domains compared to the data from the other 6 Chinese cohorts. It is not clear why this may be so, however, it could be driven by a relatively more advanced stage of PD (mean disease duration of 5.7 years, a mean UPDRSIII score of 33.5, and a mean levodopa equivalent daily dose of 483.3 mg). Furthermore, the 3 included papers from Korea using the NMSS are discordant, particularly across sexual function and perceptual problem/hallucination domains. It has to be acknowledged that there are considerable sampling differences and for instance, the study by Kim et al. [29] only includes drug naïve patients where NMS may be different to advanced PD [59] . Additionally, other studies show large disparity in sample sizes (varying between 23 and 180 PD patients). However, the high rates of sexual dysfunction in the cohort reported by Kim et al. [30] is surprising and needs to be evaluated further.
Possible Explanations for Observed Ethnic Variations
It is most likely that the disparities observed among different ethnic groups are multifactorial, as shown in Figure 2 .
One factor that certainly needs to be taken into account are the sociocultural differences between countries and cohorts studied. A tempting explanation would be to consider the important role that differences in diet, exercise, nutritional status, comorbidities, and gastrointestinal flora may play. Wang et al. [18] reported that more than 22% of their Chinese cohort was malnourished or at risk of malnutrition. It is, therefore, suggested that malnutrition has a negative impact on NMS, which plays an important role in the interpretation of ethnic differences. Additionally, education in dietary and living habits might vary considerably between ethnic groups and may therefore at least partially account for the differences [18] . Preliminary results from a multicenter study in London have reported higher alcohol and caffeine consumption among white Caucasian PD patients living in London compared to Asian patients resident in the UK, Indian patients living in India and Thai patients living in Thailand [14] . Coffee has been reported to influence the gastrointestinal microbiota and might at least partly drive the observed differences in gastrointestinal NMS [60] . Azmin et al. [61] reported in a study from Malaysia (more than two thirds of patients were Chinese, followed by Malay and Indian patients), that constipation was among the most prevalent NMS. The authors concluded that the high prevalence of Helicobacter pylori infection in Malaysian populations might play a role and also suggested that gastrointestinal dysfunction maybe more prevalent in Asian populations compared to Western populations ( Fig. 3 ) . Differences in dietary habits between the East and the West might also be a factor that needs to be addressed [61] . A further confounding variable that needs to be taken into account is the profile of comorbidities. It has been reported that Asians have a stronger ethnic and genetic risk to develop diabetes mellitus. As a consequence, diabetes mellitus (type 2) is widely prevalent in Asia and has an increasing trend [62] . Diabetes mellitus might lead to autonomic disturbances and might be associated with the development of constipation and nocturia. Similarly, prostatic disease might play a key role in the development of nocturia; however, the prevalence among different ethnic groups still needs to be explored.
A further argument for why ethnic differences might occur could be related to the fact that different sociodemographic and education levels are likely to influence the awareness and understanding of PD. It has been shown that education level has a significant impact on the clinical presentation of symptoms in PD [63] . Health beliefs have also been related to cultural differences, and therefore might influence the perception of PD and individual symptoms. Consequently, this may also impact the presentation [64] . Access to medical care and in particular to neurologists is highly variable across different Asian countries and also could influence the expression of NMS. Li et al. [23] identified that every PD patient reported at least one NMS, and this high prevalence might be explained by late referrals and insufficient knowledge about PD, which is in line with the conclusions drawn by Zhang et al. [24] .
A large clinical survey of 901 patients from 4 different regions in China identified that patients take lower doses of dopaminergic drugs, and subsequently have less drug-induced complications compared to Western populations [65] . The development of dyskinesia has been reported to be significantly lower compared to Western countries [66] . Some of these observations match the findings reported by Chaudhuri et al. [2] in South Asian cohorts living in the UK, particularly in relation to the described motor phenotype. Interestingly, the authors discussed that low doses of medication might be related to the attitude towards medication in China, which has been described as "a small stream runs far" and is also reflected in the Chinese PD treatment guidelines [67] .
The lower dose of dopaminergic drugs may presumably also have an impact on drug-related side effects, such as impulsive compulsive behaviours (ICDs) [68, 69] . In this review, we cannot comment on the differences in ICDs between different ethnic groups, as it was not systematically recorded in the included studies. Data from the NMS Quest and NMSS only address sexual drive as part of ICD; however, it is not clear if patients reported an increase or decrease in sexual drive.
Medications such as anticholinergic drugs are still widely used across the Asian continent because of their relatively low cost compared to other anti-Parkinsonian medications. Again, this is an important aspect to consider when interpreting the differences in PD profiles in particular features, such as cognitive impairment, urinary problems, and constipation [70] . As already highlighted by Gan et al. [21] , given that constipation and urinary side effects are known side effects of anticholinergic medication, this might at least partly explain the higher rate of constipation among Asian PD patients.
The study by Chaudhuri et al. [2] was the first to report a 3-fold higher rate of levodopa "hypo" responsiveness in South Asian patients living in the UK. Our current review dataset suggests that the mean levodopa equivalent daily dose is low across the Asian populations except in one study in India and one from Korea. This observation, therefore, does not support the original findings of Chaudhuri et al. [2] ; however, it might be explained by the different attitudes towards Parkinsonian drugs, as discussed. Another key complication of levodopa therapy is that motor fluctuations usually manifest as "wearingoff." Bhidayasiri et al. [71] 13 of these wearing-off symptoms in Asia, and evident cultural differences were also observed compared to Western countries.
Differences in underlying genetic variants have also been reported to alter the clinical profile among different ethnic groups.
Peeraully and Tan have discussed that there are genetic differences in sporadic PD between East and West [72] . Huang et al. [73] highlighted under-investigation of the genetic origins of described differences. For instance, LRRK2 mutations have shown to be more prevalent in white Caucasian compared to Asian patients. However, Li et al. [23] concluded in their study that genetic differences might not play a key role in the presentation of NMS. This, therefore, requires further investigation.
Furthermore, the GBA genotype at rs6812193 Single Nucleotide Polymorphism is known to be associated with PD, particularly in Ashkenazi Jewish PD patients [74] . A review by Chen et al. [66] addressed the association between GBA mutations and PD in Chinese patients living in Singapore [75] , Taiwan [76] [77] [78] [79] , and China [80] [81] [82] [83] [84] . Unlike Ashkenazi Jewish patients, who present with a higher prevalence of the N370S mutation, in the included Chinese population the L444p mutation appeared to be significantly associated with PD. No further conclusions could be drawn due to the small sample sizes [84, 85] .
GBA mutation-positive PD presents with a characteristic clinical presentation including a higher NMS burden related to cognitive impairment compared to non-carriers [18, 24, 86] . Specifically, GBA-carriers developing PD have a more rapid progression of cognitive impairment, a higher prevalence of domain-specific impairment in visual memory tasks, and a higher degree of psychiatric symptoms [87] . The psychiatric features that have been reported to have an increased prevalence are depression and anxiety as well as hallucinations and delusions but studies have reported conflicting findings [85] . It remains to be elucidated if there are ethnic differences in the NMS in PD-GBA and LRRK2-carriers [87] .
Furthermore, the COMT enzyme that is important to metabolise dopamine has been shown to have a trimodal distribution. This distribution is seen phenotypically with one group expressing a higher activity (COMTVal/Val), which translates into a fast metabolism of levodopa, a second group with intermediate activity (COMTVal/Met) and one with low activity (COMTMet/Met) [88] [89] [90] . Ethnic variations in COMT activity have been observed, such as a higher prevalence of the high activity variant in African people, and this issue therefore needs to be further investigated in future studies within Asian cohorts [91] [92] [93] .
It has been suggested that polymorphisms of the Taq1A gene are related to the differential presentation of hallucinations in PD patients with a higher rate among white Caucasian [94] compared to Chinese populations [85, 58] .
In addition, ethnic differences in the specific polymorphisms of dopamine receptors have been described with an increased risk of developing ICD. This association is particularly notable in PD populations across Malaysia [95] .
The above discussed potential factors link well with the newly emerging concept of holistic personalised medicine for PD, as has been recently outlined by Titova et al. [58] .
Limitations
We need to acknowledge that the cited studies in Asia vary widely in methodology and sample characteristics, and most studies included were largely "convenience sampling" and targeted, rather than true populationbased studies. Hence, it would be premature to make quick judgments and conclusions. Furthermore, these are mostly single-centered and non-controlled observational studies. The ethnicity-profiling methods are also unclear in many studies. As such it is difficult to make comparison between studies for statistical analyses based conclusions, but they do allow for observational interpretation. Methodological problems exist with observational studies, such as selection bias, information bias, and confounding. However, observational studies are both important and able to give accurate insight into specific observation [96] , particularly when several large-scale studies report similar observations, such as the common occurrence of nocturia.
Although we focused on studies using NMSS and NMS Quest only and thus stratified the papers reviewed, there is still inconsistency regarding the way these tools are delivered. As identified by the NM-PD-SG Early Career initiative, some were translated by investigators while others were locally translated and very few underwent approved formalised linguistic validation. Furthermore, we need to acknowledge that there are local translations in several Asian countries which have not been captured by our methods. Variability of data reporting could, therefore, result from this limitation.
In conclusion, this review supports previous observations that NMS are highly prevalent within Asian PD populations with some specific NMS including consti- 14 pation, memory impairment, nocturia, and sleep-related disorders being notably prominent. It appears that NMS profiles vary between ethnicity; however, current data are controversial and there may be intra-ethnic differences.
Future Directions and Implications
As populations become increasingly diverse and multicultural, it is crucial to be aware of and respect possible differences to improve the treatment of long-term neurological conditions, such as PD. This will allow a holistic and modern delivery of individualised ethnicity-specific treatment packages. It is thus important to be aware of the specific needs and profiles of NMS in PD patients of varying ethnicity [25] . Ethnicity-related impact on motor and NMS of PD is an unmet need which requires further exploration. Diet, culture, religion, personality, body weight, pharmacogenomics, and access to medical care and management can all influence treatment and consequently the QoL of PD patients in a positive or negative manner. Titova and Chaudhuri among others have recently stressed the necessary switch to personalised medicine to achieve the best possible therapeutic effect. This can only be successful in an increasingly diverse world if we understand the differences in ethnic groups including aspects of cultural, social, environmental, and genetic differences. This review indicates that linguistic validations using standard methodology needs to be adopted where these tools are currently used.
